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THE EFFECT UPON THE WHITE EAT OF CON- 
TINUED BODILY ROTATION 

COLEMAN R. GRIFFITH 

Psychological Laboratory, University of Illinois 

Everyone knows that a rapid turning-about upon the 
heels usually leads to dizziness and that a like state is in- 
duced in the revolving chair or the turn-table of the lab- 
oratory or in the merry-go-round of street fairs. It is 
also known, especially among those who have attempted 
to analyze the complicated experience of dizziness, that 
an important constituent of this disturbed state of mind 
and body is a characteristic movement, to-and-fro, of the 
eyes. To this ocular twitching, which is sometimes called 
"nystagmus," is due, in large measure, the apparent 
swimming movement of surrounding objects. The twitch- 
ing appears soon after rotation begins and it continues, 
with characteristic modifications, for a short period after 
the body comes to rest. 

The bodily and mental effects of rotation in man and 
in other animals have for a good many years been made 
the subject of investigation by physicists, anatomists, 
physiologists, psychologists and medical men. It is sup- 
posed that rotation produces a specific effect upon the 
neural end-organs of the semicircular canals, and it is 
definitely known that, in addition, pretty much the entire 
organism is involved in the general disturbance. Concern- 
ing the ocular movements themselves, a good deal has 
been learned. "We know, for example, that the character 
and the duration of the nystagmus depend upon a large 
and heterogeneous group of conditions, among which may 
be named the general state of the organism, the state of 
attentiou, the associative connections, the rate, regularity 
and duration of the rotational movements, repetition and 
practise, and other mental and physical conditions. Of 
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these conditions, we are here concerned with one only, 
i. e., with the effect of regular and continued repetition 
upon the ocular movements in question. 

It has been commonly observed that long persistence in 
whirling movements may reduce in intensity the distress- 
ing symptoms of dizziness. This reduction under repeti- 
tion has suggested that the accompanying ocular 
movements may also tend, under persistent practise, to 
disappear. The testimony of whirling dancers and gym- 
nasts, who are frequently undisturbed by the swimming 
and the giddiness, points in this direction, 1 and further 
evidence, of an experimental sort, 2 has recently been de- 
rived from subjects who were rotated about three min- 
utes daily for two or three weeks. At the end of this 
period the subjects had lost, either wholly or in part, the 
"after-nystagmus" which usually persists, as we have 
seen, when the body has come to rest. 

Now these experimental results have been sharply crit- 
icized by two otologists, Drs. Fisher and Babcock, 3 who 
are distressed that the stability of such a "reflex reac- 
tion" as nystagmus should be called in question. "Clin- 
ical medicine has," as they observe, "for years relied 
upon the permanency and the constancy of reflex phe- 
nomena." As for the results just referred to, they set 
them down as "pathological." Professing to repeat the 
experiments, but wholly missing the essential point of 
the method which they criticize, these men have come, not 
unnaturally, to a conclusion which is not antagonistic to 
the dogma of the invariable reflex. Despite the miscar- 
riage of their method, however, they do find a certain 
amount of reduction in time of nystagmus and this re- 
duction they propose to explain by the voluntary "gaze- 
fixing" of "a few subjects." Although the abortive 

i Parsons, E. P., and Segar, L. H., "A Correlation Study of Bar&ny 
Chair Tests and Plying Ability of One Hundred Navy Aviators," J. Amer. 
Med. Ass., 1918, 70, 1064. 

2 Manual of Medical Research Laboratory, Washington, D. C, 1918, 186 ff. 

sPisher, P., and Babcock, H. L., "The Eeliability of the Nystagmus 
Test," J. Amer. Med. Ass., 1919, 72, 779 ff. 
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attempt of Fisher and Babcock affords no positive evi- 
dence against the demonstrated reduction of nystagmus 
under repetition, 4 it has suggested an experimentum 
cruris which is designed to show that the reduction is not 
an artefact produced by the "wilful gaze-fixing" of in- 
convenient subjects who acquired "the art of holding 
the eye more or less fixed voluntarily" upon a "distant 
object." 

We have chosen the white rat as a subject in our crucial 
experiment. The rat is admirably adapted to this sort 
of problem. It is docile and easy to handle. The lack of 
a fovea and of distant vision and the probable absence of 
all clear-cut retinal images 5 seem to provide the optimal 
conditions of non-fixation as suggested by the otologists' 
contentions. On the other hand, the pupil of the rat's 
eye is easily observed, as well as those portions of the 
sclerotic coat which project beyond the surrounding 
cutaneous and hairy tissues. 

The following method of rotation and observation was 
employed. Upon a pivoted wooden platform, 11 cm. X 20 
cm., was set a glass bell-jar 11 cm. in diameter and 12 cm. 
in height. The rat was so placed under the glass jar that 
its center of gravity lay over the center of rotation. A 
small motor, governed by means of a friction-brake, 
served to provide a very regular and easily controlled 
means of rotating the platform and the jar. Eecords of 
the time of after-nystagmus were at first made with a 
stop-watch, but later with a key connected to an electric 
signal-marker which registered on a revolving smoked 

* As a matter of fact, these authors unwittingly furnish the most delicate 
and unimpeachable evidence foi- the very reduction which they deny. Al- 
though they apparently omitted to repeat at each sitting, giving each of the 
ten subjects included in their Table II only one turning to the right and 
one to the left, in every single ease the average nystagmus-time is less for 
the second five days than for the first five days. That is to say that a single 
turning each day (not a series) is sufficient to reduce the time for subse- 
quent days. The tendency to reduction must, then, be much greater than 
the first experimenters had contended or supposed. 

5 Vincent, S. B., ' ' The Mammalian Eye, " J. of Animal Behavior, 1912, 2, 
249-255. See table and also references to the literature. 
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drum. ' It was found, by preliminary trials, that the ap- 
pearance of the nystagmus was directly proportional to 
the number of rotations and to the speed of rotation. 
For experimental purposes, an arbitrary choice was made 
of a speed of ten revolutions in fifteen seconds. Ten 
trials of ten rotations each were repeated two or three 
times a day, save for subjects "I" and "J," which were 
given twenty trials twice a day. The subjects were ten 
white rats, five males and five females, all about three 
months old. The functional integrity of the mechanisms 
of equilibrium 7 was roughly determined by observing the 
rats' behavior under daily conditions of life, and by 
throwing them into the air and dropping them. All of 
the subjects responded quickly and positively to such 
tests. In the subsequent experiments each rat was ro- 
tated a like number of times to the right and to the left, 
and averages of the duration (in seconds) of the nystag- 
mus after stopping were computed. A comparison of 
these averages from day to day may be made from 
Table I. 

The outstanding feature of the investigation is the 
rapid decrease of after-nystagmus from day to day, as is 
clearly indicated in Table I. Within ten to eighteen 
periods of rotation the nystagmus had completely disap- 
peared. The number of ocular movements after stopping 
the platform was also observed. Upon the first rota- 
tion for each rat, the number of movements varied be- 
tween 18 and 25. This number rapidly decreased during 
the first four or five periods to between 5 and 8, and soon 
became reduced to a single movement which generally 
hung on for some time. As the rotation was stopped, the 
eye gradually moved in the direction of the preceding- 
rotation and then jerked back to normal position. The 

« This latter method was used by the Psychological Department of the 
Mineola Research Laboratory. It is a decided improvement over the clinical 
method of observation by the stop watch. See ' ' Manual, ' ' p. 190. 

7 The semicircular canals of Kodentia are well developed and quite regu- 
lar in form. See Gray, A. A., "The Labyrinth of Animals," 1907, Vol. I, 
pp. 165 ff. 



528 



THE AMEBIC AN NATURALIST 



[Vol. LIV 



9 



*-> 


rt 


©OOOOO^iMNOtDOOOOOOOO 

h q >o n o> © ^ © n io io « co w q o 

d^com'coNcocNNWHHdddd 


^ 


NiDMlMN^cOCOO^OOOOOO 

HOJooNioNooojqHqNMHqq 


M 


A 


©iftU5CCO©COOOOOO 

ooTPaojwuSHiowqoq 
id^cooidrlHodddd 


hi 


^lOOOOOOCDOOOOO 

OfOrtOHHO)1iiOOOO 

id-^^cdcNi'woooooo 


M 


Pi 


OOO^^TliOQO^fflNOfO^OOOOO 
OOWOiOOhhhcOH^cD©hhNOO 

^loo^^Tjiicco^'wcocowcocod'Hod 


^ 


OOOCClMOCOCOOOOJCOOCiCO^CDOOO 
COq^MOJCNCDW3«500OJHNCOiOHTl|qq 

^d^wco^wco^'wNWcocooiNHdd 





rt 


OO^OO^CDCOCDMfOOOO^cO^^OO 

©oq«CNj(^N®cocoioNiONqoo^qq 
^^' co^'io^^cocomcococococoHHod 


^ 


OOOOOCDCDCDOOCO^WCDOOW^TJiOO 
^©MN^TljTPHHiONCDGOiOCONWqq 

^TjHco^'idTtH^T^^cocococococo<^'-HOcd 


ft 


rt 


CNCNcDt^iMO'^OOOOO 

co h «j o tjh >o q q ■* n q o 

^KicONNHrlHOdOO 


j 


oioooococ-iooooo 
qwioicqwqo^iNoq 

.d^cococoHHridodd 


H 


« 


OiNOOOCOCOtDOOOO 
OOCNOOiCCOOOOCNOOO 

io^'coHMHr!ddddd 


j 


^ONMCOONOOOOO 
WNNiOCOiCCOCDNOOO 

lOi^NHHodddd 


n 


a 


OOMOOOtOOOOOO 
TjK(Ni>CNOOipp^OOO 

dio^^'mHHHdddd 


a 


OCNIOOOCOOOOOOOOOO 

conqqqNqq^qqq 

idlO'MHrjicNTHT-irHOOOO 





A 


©Ot^CNOOOOOOOO© 

coc^ojeowqowqqq 
lo^Mc-irlriddddo' 


h) 


OOoOOcOQOOOOOOO 
OOipCNCiC-'IpOCNppp 
^T^-^COCNrHrHOOOOO 


B 


1 (DOOOtOflCOtDOOO^OOOO 

pj qmHt.^iont»iCHioooqo 


hi 


OOlMMOCOO^^iKDlMOOOO 

coioqN^Ncot^ioNc^coqqq 

>O^^MMNNHHHHdddd 


■4 


PS 


^ONOCONCO^COCOOOOOO 

qcocoH^cDHt-^ioqtDijqq 

!>^^^WCN<Nr4r-Hi-Hi-,0000 


hi 


OCNC^COCNOOcDCNCNtHOOOOO 

NqcoNwoqcoeoqqoo^qq 

dlO^WMNWHHrirtdddd 


IS 


o 

o 
M 
o 
d 

Q 

'-h> 

Q 


HiMW^iO^NCOCnOHWCO^'CtDNCOOl 
I— ll— ll— il— ll— It— It— ll— ( 1— ( I— I 


Number 

of 

series 



No. 635] BODILY BOTATION 529 

disappearance of this one movement accounts for the sud- 
den falling off of the time-values at the end of the various 
series. The average initial time of after-nystagmus for 
all subjects was 5.57 sec. for rotation to the left and 5.74 
sec. for rotation to the right. Other averages testify to 
this difference in time for the two directions of rotation. 
This seems to be a genuine case of individual difference 
quite comparable to similar differences found in human 
observers. 8 

The fact of decrease from day to day is incontestable. 
Each column in Table I shows it. It is just as apparent, 
if, in each day's series, an average of the first two trials 
is taken and compared with corresponding values for 
subsequent days. That is, each day begins at just a little 
lower nystagmus-time than the preceding day began. 
Furthermore, the decrease is of a characteristic kind. 
Table I indicates that at least one half of the total de- 
crease commonly occurs in the first few days of exper- 
imentation. The exceptions, subjects "G-" and "H," 
will be considered later. In this respect, a "nystagmus 
curve" is quite comparable with the common "learning 
curve," save for the absence of plateaus. 

Again, the figures make it plain that there is also a gen- 
eral decrease in the time of after-nystagmus within any 
single day's turning. Table II indicates that this de- 
crease was constant for all subjects, save "Gr" and "H." 
An analysis of the material upon which the table is based 
shows that the main decrease within any single day falls 
early in the series — a result consonant with the early fall 
in time from day to day, as just mentioned. 

It must be emphasized that any decrease is for one set 
of conditions only. Only those values are given which 
resulted when the rat rested quietly on the floor of the 
rotated platform. Occasionally the rat would stand al- 
most upright, in which case the nystagmus was almost 
invariably longer. Even after the disappearance of the 

8 See ' ' Manual, ' ' passim, and also articles in the J. Amer. Med. Ass., 
eited above. 
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Oolumn I, averages of all the first two rotations to the left for all series; 
column II, the average of all the last two rotations to the left for all series ; 
columns III and IV, the same for rotation to the right.s 

nystagmus under usual conditions, this upright posture 
induced some after-nystagmus ; but it is important to note 
that the time and the intensity of it were never so great 
(by more than half) as the original nystagmus in these 
positions. That is, there seems to be a "transfer" effect 
from one set of conditions to another. Changing the 
speed or the number of rotations at any time produced a 
similar reappearance of nystagmus, but never in its orig- 
inal intensity or temporal duration. Several of the sub- 
jects gave a nystagmus varying between twelve and 
twenty-five seconds when rotated once a second for thirty 
seconds before the practise series. After the practise 
series, these values were reduced to about the level of the 
original values for the rotation-rate used in the investi- 
gation, viz., 5-6 seconds. The change of position of the 
rat during and after rotation had to be carefully re- 
garded; for such a change was frequently responsible 
for an increase of nystagmus-time that obscured a real 
decrease. 

There are several special points of importance. 

1. It has been noted above that subjects "G-" and "H" 
offer certain exceptions to our conclusions. Table I indi- 

» Mean variations from the averages given in the tables were computed, 
but since they were not of sufficient magnitude to affect the significance of 
the figures as given they have been omitted. 
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cates that the length of their total series was greater than 
that of any of the other rats., These two subjects were 
females rotated during the period of gestation. Their 
rotation was marked by frequent and severe retching 
movements, defecation, and micturition. The period of 
gestation of subject "G-" was three days short. "G-" be- 
came too sick during the last reported turning to be used 
further, and a day later, during which time she did not 
seem to recover, a litter of two were born. These coin- 
cidences point directly to the fact that nystagmus is 
closely related to the organic condition of the individual 
rotated and they at least suggest the fruitfulness of 
further work upon this matter. 

2. The fact that the white rat is a nocturnal animal 10 
suggested that the time of day might make a difference 
in values. Accordingly two rats, "I" and "J," were ro- 
tated twenty times twice a day, early in the morning and 
late in the afternoon. The results were as follows: 

t j 

Morning trials, rotation to left (avc.) 2.24 2.81 

rotation to right (ave.) 2.:17 3.17 

Evening trials, rotation to left (ave.) ].70 2.44 

rotation to right (ave.) 1.88 2.40 

The morning nystagmus is invariably longer, the dif- 
ference being most pronounced early in the series. Addi- 
tional evidence of this diurnal difference is being sought 
with both human and animal subjects. 

3. Other responses than the nystagmus were scrupu- 
lously noted in our observations. During the first days, 
most of the subjects showed a tendency to excessive defe- 
cation and micturition. Frequently the feces were not of 
the solid character of normal life but were quite liquid, 
suggesting that the rotation had induced some sort of 
temporary organic shock. This supposition is supported 
by the facts that neither micturition nor defecation ever 
occurred late in the series and that the rats, although 

io Slonaker, J. R., ' ' The Normal Activity of the Albino Rat, etc., " J. of 
Animal Beliav., 1912, 2, 20-42. 
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hungry, frequently refuged to eat immediately after 
earlier turnings, although later they eat quite readily. 
Other evidence of a general organic disturbance is found 
in the violent trembling which frequently seized some of 
the rats during a given series. This trembling was dis- 
tinct from that behavior mentioned before which reminds 
one of nothing so much as the retching of nausea in 
human beings. I have failed to find a single case of nau- 
seation in the rat which resulted in an esophageal dis- 
charge. The retching did not seem to occur so readily if 
the rat had had food before the rotational period. The 
trembling was by far the most characteristic performance 
and was common to most of the subjects. That the trem- 
bling was organically based could be determined by hold- 
ing the rat just after turning. The visceral organs 
seemed to be convulsed. The eyes were partially closed 
and the vibrissa? trembled violently because of the trem- 
bling of the mouth parts. This behavior occurred for 
two or three days after the series had been started and in 
the case of some of the subjects was the last observable 
response to the rotation. 

4. It is difficult to get a quantitative test for these or 
for more specifically kinesthetic responses. The only test 
used in this connection was an enumeration of the num- 
ber of spontaneous movements made before, during, and 
after rotation, as the series progressed. Prior to all rota- 
tion, the exploratory movements are prominent. As rota- 
tion takes place for the first time two kinds of response 
are in evidence. First, the rat may make frantic efforts 
to move in the direction contrary to rotation so long as 
the platform moves. "When the movement ceases the rat 
turns and attempts just as vigorously to move in the oppo- 
site direction. These attempts always cease in five or 
six seconds : they seem to reach their term with the after- 
nystagmus. The other characteristic response is illus- 
trated by those subjects which squat tensely on the floor 
of the rotating platform with the head turned far in the 
direction against rotation. There seems to be a specific 



No. 635] BODILY ROTATION 533 

inhibition of all movement and a tenseness of position 
leading to what one might call the "rotational posture." 
There is no change in the position until the end of the 
after-nystagmus, save that the head swings to the oppo- 
site side as rotation ceases. This second type of response 
can be easily induced in subjects manifesting the first 
kind by slightly increasing the speed of rotation. As the 
series proceeds, the more striking features of the rota- 
tional posture begin to drop out. The head tends to swing 
less and less in the direction opposite to rotation and very 
early the return movements — even the bringing of the 
head back to a straight position — disappear. Finally, 
the original swing itself becomes quite listless and may 
not occur at all provided the attention of the rat is else- 
where directed. The exploratory movements return 
slowly, beginning with the post-rotary period and finally 
entering the rotary period itself. 

5. The scratch-reflex affords an excellent indication of 
the extensity and intensity of the bodily disturbance pres- 
ent during, and subsequent to, rotation. Early in a series, 
a scratch movement initiated before rotation is suddenly 
arrested as rotation begins. I have not observed any 
scratching during the earlier trials of a series. Subject 
"J" endeavored to scratch on the fourth day's rotation; 
but the effort was poorly localized and uncoordinated. 
At the end of the series, an accurately localized scratch- 
movement was begun and carried to completion by sev- 
eral subjects, and successful attempts were frequently 
made to cleanse the face, etc., in spite of rotation or stop- 
ping. As the exploratory movements came back to their 
own, the rat frequently stretched up on its hind legs. In 
such a position, the stopping of rotation caused a definite 
compensatory reaction on the part of the rat; but there 
was nothing here to indicate that this was more than a 
natural response to the effect of inertia. All of the spas- 
modic and uncoordinated qualities of an early event of 
this kind were gone. The tendency of some of the sub- 
jects to run in the direction opposite to rotation com- 
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pletely disappeared after 'a few trials. In brief, the whole 
series of any one of the subjects. here reported displayed 
an increasing degree of freedom and precision of move- 
ment, as time went on. All subjects were tested for 
equilibration after a series had been completed and all 
responded to being thrown and dropped just as alertly as 
before rotation. 

It is hazardous to draw general conclusions from an in- 
troductory study of this kind. Our problem does, how- 
ever, bear directly and significantly upon the functional 
integrity of the equilibratory mechanisms. The facts 
above presented support the contention that nystagmus 
is closely related to the other organic responses to rota- 
tion and that it is dependent, as are these other responses, 
upon a large group of factors. Furthermore, we have 
found that after-nystagmus in the white rat decreases in 
intensity and duration (a) from day to day and (b) 
within the series of a single day. Either intensity or 
duration may be modified also by certain organic condi- 
tions, e. g., nausea, by speed and number of rotations, and 
by such general conditions as antecedent rest and fatigue. 
The decrease and disappearance of nystagmus are accom- 
panied by a disappearance of the characteristic rotational 
posture and of other bodily disturbances, the disappear- 
ance being signalized by the reappearance of the usual 
exploratory movements and by such specific events as the 
scratch-reflex. 

Fisher and Babcock tried to explain away the demon- 
strated loss of after-nystagmus under repetition (a) by 
charging that the human subjects were "pathological" 
and (6) by referring the observed decrease to a vicious 
practise acquired by "a few subjects" of "gaze-fixing" 
upon a "distant object." It is not clear just how their 
explanation can be extended to the white rats. 



